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Endocardial catheter mapping of the left ventricle was 
performed in 40 patients during right ventricular pacing 
to determine the effect of underlying myocardial infarc-
tion on endocardial activation. Group I comprised 18 
patients without infarction, Group II 12 patients with 
inferior infarction and Group III 10 patients with an-
teroseptal infarction. Thirty-nine of the 40 patients had 
only a single left ventricular breakthrough site located 
on the midseptum in 33 cases, apical septum in 4 cases 
and basal septum in 2 cases. The earliest left ventricular 
local activation time during right ventricular pacing was 
earlier in Group III (40 ± 11 ms) than in Group I (55 
± 17 ms) and Group II (60 ± 15 ms) (p < 0.01). Total 
endocardial activation time was significantly longer in 
Group III (118 ± 30 ms) than in Group I (76 ± 14 ms) 
and Group II (72 ± 20 ms) (p < 0.001). The latest left 
ventricular site of activation during right ventricular 
Activation of the left ventricle has been described in canine 
models, in isolated human preparations and recently in the 
intact human heart during catheter mapping (1-10). There 
are few data on the effect of factors such as underlying heart 
disease, and particularly myocardial infarction, on endo-
cardial activation. We (11) have recently described endo-
cardial activation in the presence of left bundle branch block 
and suggested that duration of activation depends on the 
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pacing was the inferoposterior base in 14 (77 %) of the 
18 Group I patients, and 10 (83%) of the 12 Group II 
patients. The latest site of activation in Group III pa-
tients was variable. 
It is concluded that: 1) left ventricular endocardial 
activation patterns and conduction times are influenced 
by the site of previous infarction. 2) Longer total en-
docardial activation in Group III suggests that special-
ized conducting tissue in the septal and anterior walls 
may play an important role in left ventricular activation 
during right ventricular pacing. 3) Left ventricular ac-
tivation times during right ventricular pacing are similar 
to those previously observed in intrinsic left bundle branch 
block; thus, right ventricular pacing may serve as a 
model of left bundle branch block. 
(J Am Coli CardioI1986;7:1228-33) 
type of underlying heart disease. It was our hypothesis that 
endocardial activation time in the presence of left bundle 
branch block may depend on the functional integrity of the 
distal specialized conducting system. To test this hypoth-
esis, we prospectively studied left ventricular endocardial 
activation during right ventricular pacing to determine the 
effect of myocardial infarction on left ventricular activation. 
Methods 
Study patients. The patient population consisted of 40 
patients, 27 men and 13 women, whose mean age was 56 
± 8 years. The patients were classified into three groups. 
Group I comprised 18 patients without previous myocardial 
infarction. Eight of them had dilated cardiomyopathy, four 
had coronary artery disease without infarction, four had no 
underlying heart disease and two had hypertensive heart 
disease. Although this was a heterogeneous group, it was 
believed that the endocardium was preserved in these cases. 
Group II consisted of 12 patients with inferior myocardial 
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infarction and Group III consisted of 10 patients wIth an-
terior wall infarction. The diagnosis of infarction was based 
on history, 12 lead electrocardiography and angiographic 
data. None of the patients in Groups I, II or III were taking 
antiarrhythmic agents at the time of study and patients with 
bundle branch block were excluded from the study; how-
ever, patients with nonspecific intraventricular conduction 
delay were included. All patients were undergoing electro-
physiologic studies for clinical indications and underwent 
catheter mapping in the unsedated state after informed writ-
ten consent was obtained. 
Catheter mapping techniques. In each patient, three 
electrode catheters were percutaneously introduced and po-
sitioned under fluoroscopic guidance at the right ventricular 
apex, right ventricular mid septum and left ventricle. The 
left ventricular catheter was positioned using the retrograde 
arterial approach from the femoral artery. The right ven-
tricular catheters remained stationary to serve as timing ref-
erences for left ventricular activation as well as anatomic 
references for the interventricular septum during mapping. 
The left ventricular catheter was used as an exploring elec-
trode during the mapping procedure. There were 12 standard 
mapping sites in the left ventricle (Fig. I). Pacing was 
performed from the right ventricular apical catheter in all 
40 patients. Left ventricular endocardial mapping was per-
formed during paced cycle lengths of 600, 550, 500 and 
400 ms in 24, I, 7 and 8 patients, respectively. Fifteen 
patients underwent left ventricular mapping during pacing 
sequentially from the right ventricular apex and right ven-
tricular midseptum, and from both right ventricular sites 
simultaneously, to determine the effect of pacing site on left 
ventricular activation. Catheter position was always verified 
by two experienced observers using multiple plane fluoros-
copy. Bipolar recordings from all 12 left ventricular sites 
Figure 1. Mapping sites in the left ventricle. I = apex: 2. 3 and 
4 = septum: 5 = infenor wall; 6 and 8 = postenor ba,e: 7 and 
9 = lateral wall; to = posterolateral wall; II and 12 = superior 
free wall. 
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were recorded when possible, and in most instances more 
than 12 left ventricular sites were recorded per patient (in-
cluding intermediate sites). Standard 6F quadripolar cath-
eters with 5 mm interelectrode distance (USCI) were used 
for mapping. Intracardiac electrograms were displayed si-
multaneously with three surface leads on a switch beam 
oscilloscope at filter frequencies of 30 to 500 Hz. 
Mapping data analysis. Intracardiac electrograms were 
filtered from 30 to 500 Hz; analog data were stored on 
magnetic tape (Honeywell model 5600) and simultaneously 
recorded on paper with an ink jet recorder (Siemens Min-
gograf) at a speed of 200 mm/s. Local electrograms were 
recorded using a 10 mm interelectrode distance at both vari-
able and fixed (1 cm = 1 mY) gain. The pacing stimulus 
artifact during right ventricular pacing was used as a zero 
point of reference to determine activation times. The local 
activation time at each left ventricular site was taken as the 
point at which the largest rapid deflection of the local elec-
trogram crossed the baseline using the 10 mm variable gain 
electrogram (Fig. 2). In instances where the local electro-
gram had no discrete deflection greater than 1 mV in am-
plitude, the rapid deflection of the highest amplitude com-
ponent was used as local activation time. In addition to 
determining local activation times using the largest rapid 
deflection, further analysis was carried out using onset and 
offset of local electrograms recorded on the fixed gain bi-
pole. 
Definitions. QRS duration. Total duration of the sur-
face QRS complex measured from pacing stimulus to the 
end of the QRS complex, and measured from three simul-
taneous limb leads (I, aVF and V I) recorded at paper speeds 
of 150 to 200 mm/s. 
Local activation time. Interval (in milliseconds) from 
pacing stimulus to time at which the largest rapid deflection 
of the local left ventricular electrogram crosses the baseline. 
Figure 2. Local activatIOn times. Surface leads I, aVF and VI are 
displayed with local electrograms from the right ventricular apex 
(RV A) (pacing site) and designated left ventricular sites (3 and 4) 
in a pattent from Group I (left) and Group III (right). The local 
activation time at each left ventncular site was taken as the point 
at which the largest rapid deflection of the local electrogram crossed 
the baseline (arrows at sItes 3 and 4). 
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Left ventricular endocardial breakthrough. Initial site of 
electrical activity or local activation of the left ventricular 
endocardium during right ventricular pacing. Multiple 
breakthrough sites were considered to be present when si-
multaneous early sites were separated by a site activated at 
least 10 ms later. 
Transseptal time. The interval (in milliseconds) from the 
right ventricular pacing stimulus to the earliest left ventric-
ular activation time or to the onset of the earliest left ven-
tricular electrogram recorded. 
Total left ventricular endocardial activation time. Time 
(in milliseconds) from the earliest to the latest local acti-
vation time recorded in the left ventricle (based on variable 
gain recordings). 
Duration of total endocardial electrical activity. Time 
(in milliseconds) from the onset of the earliest activity to 
the offset of the latest electrogram recorded in the left ven-
tricle (based on fixed gain recordings). 
Statistics. Student's t tests for paired and unpaired data 
were used when appropriate. 
Results 
QRS duration. QRS duration during sinus rhythm was 
101 ± 21 ms in Group I, 118 ± 17 ms in Group II and 
114 ± 16 ms in Group III; these values were not signifi-
cantly different from each other. QRS duration during right 
ventricular apical pacing was 180 ± 21 ms in Group I. 183 
± 24 ms in Group II and 192 ± 19 ms in Group III; these 
values, too, were not significantly different from each other. 
Endocardial activation patterns. A mean of 14 ± 3 
left ventricular sites were mapped per patient during right 
ventricular apical pacing. All three groups of patients were 
analyzed with respect to number and location of left ven-
tricular breakthrough sites during pacing. Thirty-nine of the 
patients had only a single left ventricular breakthrough site. 
This was located at the midseptum in 33 cases, the apical 
septum in 4 cases and the basal septum in 2 cases. One 
patient (Group I) had three breakthrough sites. located on 
the midseptum, anterior wall and junction of the midseptum 
and inferior wall of the left ventricle. This patient had a 
dilated cardiomyopathy. The latest site of activation dur-
ing right ventricular pacing in all 40 patients is shown in 
Table 1. 
Transseptal time. The earliest local activation time re-
corded in the left ventricle during right ventricular pacing 
was 55 ± 17 ms in Group I, 60 ± 15 ms in Group II and 
40 ± 11 ms in Group III. Although there was no significant 
difference between Groups I and II, the transseptal time was 
significantly earlier in Group III than in Group I (p < 0.01) 
and Group II (p < 0.01). 
The onset of the earliest electrogram recorded in the left 
ventricle was 26 ± 14 ms in Group 1,27 ± 10 ms in Group 
II and 14 ± 6 ms in Group III. Again, there was no sig-
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Table 1. Latest Site of Left Ventricular Activation Dunng 
Right Ventricular Pacing In 40 Patients 
Group 
1. no mfarct (n = 18) 
II, mfenor infarction (n = 12) 
III, anterior infarctIOn (n = 10) 
n = number of patients. 
SIte of ActIvatIOn 
inferopo;,tenor base (n = 14) 
Posterolateral wall (n = 3) 
Anterior wall (n = I) 
inferoposterior base (n = 10) 
Posterolateral wall (n = 2) 
Anterior wall (n = 3) 
Anterolateral wall (n = 3) 
Posterolateral wall (n = 2) 
inferoposterior base (n = 2) 
nificant difference between Groups I and II; however, the 
time was significantly earlier in Group III than in Group I 
(p < 0.01) and Group II (p < 0.01). 
Duration of endocardial activation. Total endocardial 
activation time was significantly longer in Group III (118 
± 30 ms) than in Group I (76 ± 14 ms) (p < 0.001) and 
Group II (72 ± 20 ms) (p < 0.001) (Fig. 3 to 5). There 
was no significant difference between Groups I and II. 
Duration of total left ventricular electrical activity was 
significantly longer in Group III (191 ± 29 ms) than in 
Group I (145 ± 17 ms) (p < 0.001). Although total elec-
trical activity in Group III patients was longer than in Group 
II patients (165 ± 37 ms), this difference was not statis-
tically significant. There was also no significant difference 
between Group I and Group II patients. 
Influence of pacing site on left ventricular activation 
(Table 2). Fifteen patients underwent left ventricular map-
ping during pacing from the right ventricular apex, right 
ventricular mid septum and from both right ventricular sites 
simultaneously. During right ventricular apical pacing. all 
15 patients had only a single left ventricular breakthrough 
site, located on the midseptum in 11 and the apical septum 
in 4. During pacing from the right ventricular midseptum, 
13 of the 15 patients had a single breakthrough site, located 
at the mid septum in 10, the anterior wall in 2 and the apical 
septum in 1. In the two patients with two breakthrough sites, 
the sites were located on the mid- and basal septum in one 
patient and the midseptum and lateral wall in the second. 
During pacing from the right ventricular apex and right 
ventricular mid septum simultaneously. 12 of the 15 patients 
had a breakthrough site, located on the midseptum in 10 
and the apical septum in 2. The remaining three patients 
had two breakthrough sites, located on the midseptum and 
basal septum, midseptum and apical septum and midseptum 
and lateral wall. respectively. 
Transseptal time during pacing from the right ventricular 
mid septum was significantly longer than pacing from the 
right ventricular apex and pacing from both sites simulta-
neously. 
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Table 2. Influence of Pacing Site on Left Ventncular Activation 
Transseptal EndocardIal 
Pacing Site TIme (ms) Activallon Time (ms) 
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Total Electrical 
Activity (ms) 
RVA 49 ± 19 87±23~ 115 ± 25 > )p < 001 /P<O.OOI p < 0.01 
RV-MS 66 ± 19 66 ± 14 p < 0.01 142 ± 26) 
)p < 0.005 p<O.oJ 
RVA + RV - MS 50 ± 17 71 ± 25 136 ± 22 
p < 0.001 
Values are mean ± SD. RVA = nght ventncular apex; RV-MS = nght ventncular midseptum. 
Total endocardial activation time was significantly longer 
during pacing from the right ventricular apex than during 
pacing from the right ventricular midseptum and from both 
sites simultaneously. There was no significant difference in 
total endocardial activation time between pacing from the 
right ventricular midseptum and both sites simultaneously. 
Total electrical activity was also significantly longer dur-
ing pacing from the right ventricular apex than during pacing 
Figure 3. Analog map during right ventricular pacing. Surface 
leads I, aVF and VI are displayed with local electrograms from 
the right ventricular apex (RV A) and 12 designated left ventricular 
(LV) sites. Duration of left ventricular endocardial activation is 
shorter in the Group I patient without infarction (left) than in the 
Group III patient with anterior myocardial infarction (AMI). 
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from the right ventricular mid septum and from both sites 
simultaneously. Pacing from the right ventricular mid-sep-
tum resulted in longer total electrical activity than did pacing 
from both sites simultaneously. 
Discussion 
Background. Activation of the left ventricle has been 
described in canine models, isolated human preparations 
and in a small number of patients undergoing intraoperative 
epicardial mapping. We (10,11) have recently described 
endocardial activation of the intact left ventricle in the nor-
mal heart as well as during left bundle branch block using 
Figure 4. Isochronic map during right ventricular pacing in a 
Group I patient (no infarct, QRS duration 180 ms). Left ventricular 
local activation times (in ms) are indicated with 10 ms isochrones. 
Note one septal breakthrough site at 70 ms and complete activation 
in 58 ms, 
1232 VASSALLO ET AL 
ENDOCARDIAL ACTIVATION DURING PACING 
Figure 5. Isochromc map during right ventricular pacing in a 
Group III patient (anterior infarctIOn, QRS duration 200 ms). Local 
activation times are indicated with 10 ms isochrones. Note one 
septal breakthrough site at 65 ms and complete activation in 
103 ms. 
catheter mapping techniques. In our study of patients with 
left bundle branch block we noted a significant difference 
in activation times between patients with and without pre-
vious infarction. Patients with previous infarction had a 
significantly longer duration of left ventricular endocardial 
activation than did patients without infarction, with no dif-
ference in activation times between patients with cardio-
myopathy and those without underlying heart disease (II). 
We hypothesized that endocardial activation in the presence 
of left bundle branch block may depend on the functional 
integrity of the distal specialized conducting system. The 
present study was performed to test this hypothesis. 
Duration of endocardial activation. The results of this 
study confirm our previous hypothesis and support the fact 
that electrocardiographic left bundle branch block is "block" 
and not slow intramural conduction. During right ventricular 
pacing, patients with previous anterior infarction had a sig-
nificantly longer left ventricular endocardial activation time 
than did patients with either no infarction or inferior in-
farction. This is consistent with the concept of relative pres-
ervation of the distal specialized conducting system in pa-
tients without anterior infarction. In patients with a normal 
left ventricle as well as those with cardiomyopathy (in whom 
the major disease involves the intramural myocardium), once 
activation crosses the intraventricular septum and enters the 
lACC Vol 7. No 6 
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left ventricle the specialized conducting tissue may be en-
gaged and rapid activation of the left ventricle ensue. In 
contrast, patients with previous anterior infarction have a 
scarred endocardium on the septum and anterior wall. Once 
activation crosses the septum and enters the left ventricle 
in these cases, the specialized conducting system may not 
be engaged as easily; thus, more muscle to muscle spread 
of activation occurs, accounting for longer endocardial ac-
tivation times. 
Anterior versus inferior infarction. Patients with anterior 
and inferior infarction were analyzed separately to determine 
whether the site of the infarct influenced duration of en-
docardial activation; activation was longer in patients with 
anterior infarction than in those with inferior infarction. 
There are two possible reasons for this difference. First, 
anterior wall infarction is generally accompanied by a larger 
area of scarred endocardium than that associated with in-
ferior infarction, thus jeopardizing a greater amount of spe-
cialized conducting tissue. Second, this difference may be 
related to the distribution of the specialized conducting sys-
tem in the heart. It has been suggested in both canine and 
human studies that the density of the His-Purkinje system 
is relatively sparse in the inferobasal left ventricle (12). 
Patients with inferior infarction thus have a damaged area 
with a lower density of specialized conducting system than 
that found in patients with anterior infarction. We would 
therefore expect duration of endocardial activation in the 
presence of left bundle branch block in inferior infarction 
to be intermediate between that in the normal left ventricle 
and that in anterior infarction. Our data are consistent with 
this expectation. 
Activation sequence. During right ventricular pacing, 
left ventricular breakthrough usually occurred at one site 
(always septal). This breakthrough site was similar to that 
we observed in patients with intrinsic left bundle branch 
block (11). One patient in this study had three breakthrough 
sites during right ventricular pacing, one of which was sep-
tal. We (11) previously observed multiple breakthrough sites 
in a small number of patients with intrinsic bundle branch 
block. It is possible that during either pacing-induced or 
intrinsic left bundle branch block, trans septal activation from 
right to left occurs with variable engagement of the spe-
cialized conducting system in the septum, thus resulting in 
one, two or three left ventricular breakthrough sites. 
Whereas the initial site of left ventricular activation was 
always septal, the latest site of left ventricular activation 
during right ventricular pacing was variable, and appeared 
to be related to the site of infarction. Patients with no infarct 
(Group I) had a latest site of activation at the inferoposterior 
base in 77% of cases; the same region was the latest site of 
activation in 83% of patients with inferior infarction. This 
pattern of activation is similar to that in the normal left 
ventricle (10). In contrast, in patients with anterior infarc-
tion, the latest site of activation was variable, with the 
inferoposterior base being activated last in only 20% of 
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cases. Thus, although left ventricular endocardial activation 
during right ventricular pacing always begins on the septum. 
the subsequent activation pattern of the left ventricle de-
pends on the presence and site of infarction. 
Transseptal activation time also differed among our pa-
tient groups. Patients with previous anterior infarction had 
significantly earlier left ventricular breakthrough than did 
those with either no infarction or inferior infarction. It is 
possible that in patients with anterior infarction with septal 
involvement, a thinner septum results in more rapid right 
to left spread of activation. This same difference in trans-
septal activation time was described in patients with intrinsic 
left bundle branch block (11). 
Influence of site of pacing on activation. We have also 
attempted to determine the influence of the site of right 
ventricular pacing on left ventricular endocardial activation. 
Pacing was performed from two right ventricular sites si-
multaneously to determine whether the His-Purkinje system 
could be better engaged. Our results indicate that pacing 
from the right ventricular midseptum as well as two right 
ventricular sites simultaneously resulted in more rapid total 
endocardial activation than did pacing from the right ven-
tricular apex alone. It is possible that a greater amount of 
the His-Purkinje system is engaged at the level of the mid-
septum, resulting in more rapid spread of activation than 
during pacing from the right ventricular apex. Although the 
site of left ventricular breakthrough was the midseptum in 
both pacing modes, it is possible that the breakthrough is 
more apical when pacing from the right ventricular apex 
than when pacing from the right ventricular midseptum. Our 
inability to distinguish these different breakthrough sites 
may be due to the limited number of sampling points avail-
able using catheter mapping techniques. Although it has 
been shown that the left ventricular midseptum has a high 
density of Purkinje fibers, there are no data suggesting that 
the Purkinje network is more dense in the mid septum than 
at the apex. Our data indicate that this may, in fact. be the 
case. 
Limitations. We have suggested that endocardial acti-
vation of the left ventricle is dependent on the functional 
integrity of the specialized conducting system. Methods of 
directly studying His-Purkinje conduction in the intact hu-
man heart have not yet been developed and verification of 
this concept awaits these techniques. 
It is difficult to describe intricate activation sequences 
based on only 14 left ventricular sites per patient. For this 
reason, we have not emphasized complete activation pat-
terns, and rather have concentrated on breakthrough sites, 
latest site of activation and duration of activation. We be-
lieve this is valid in that we have compared duration of 
activation in patient groups that have undergone mapping 
with a comparable number and distribution of left ventricular 
sites. Regarding the accuracy of left ventricular break-
through sites, earlier studies from our laboratory (13) showed 
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a good correlation between early sites recorded during ven-
tricular tachycardia in the catheterization laboratory as com-
pared with the operating room, where a greater number of 
sites are mapped. 
Conclusions. We have shown that left ventricular en-
docardial activation during right ventricular pacing is de-
pendent on the presence or absence of underlying infarction. 
This is further evidence that the integrity of the specialized 
conducting system is an important determinant of endocar-
dial activation. In addition, the data presented in this series 
of patients undergoing right ventricular apical pacing show 
a good correlation in terms of both activation pattern as well 
as duration of endocardial activation. when compared with 
previously reported data in patients with intrinsic left bundle 
branch block. Thus. right ventricular apical pacing serves 
as a good model with which to study activation patterns and 
activation times of intrinsic left bundle branch block in 
humans. 
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